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WO 03/033489 PCT/KR02/01930 

PIPERIDINE DERIVATIVES, PROCESS FOR PREPARATION THEREOF, 
AND PHARMACEUTICAL COMPOSITION FOR ALZHEIMER'S 
DISEASE CONTAINING THE SAME 

5 Technical field 

The present invention relates to novel piperidine derivatives and 
pharmaceutical compositions containing them. In particular, the present invention 
relates to novel piperidine derivatives useful for treating Alzheimer's disease and 
processes for preparing them. 

10 

Background 

As it becomes clear that 21 st century will be a silver society, people pursuit 
for high quality in life by having healthy and longer life without harmful diseases. 
Development in science increased the number of aged people to have longer life, 
15 and. consequently it led to sudden increase rate in patients with Alzheimer's 
disease, which caused from neurological degeneration. Alzheimer's disease not 
only deteriorates the quality of personal and social life, but also puts the patients 
themselves and others in misery. Alzheimer's disease is the fourth highest death 
reason followed by cancer, heart disease, and cerebral apoplexy. 

20 

Studied statistics of the advanced countries show the percentage in number 
of patients with Alzheimer's disease increase with increase in age: 60s 15-20%, 
70s 30-40%, and 80s 60%. That is, the situation becomes serious in 80s that one in 
every couple is to have Alzheimer's disease. There is no accurate statistical data in 
25 Korea yet; however knowing more than 12 million people suffer from the disease 
in Japan, the United States, and Europe, we can predict the numbers to grow fast in 
close future. 

There are several reasons in the causes of Alzheimer's disease. First, the 
Alzheimer's disease is caused by the lowering concentration of neurotransmitter, 
30 acetylcholine. Acetylcholine having a quaternary amine structure is a 
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neurotransmitter that, with acetylcholinesterase, is hydrolyzed to choline. 
According to the prior researches, the patients with Alzheimer's disease have low 
concentration of acetylcholine, and when acetylcholinesterase is inhibited, its 
concentration increases to improve the symptoms of Alzheimer's disease. Current 
5 medicinal substances used for treating Alzheimer's disease are synthetic 
acetylcholinesterase inhibitors such as Tarcrine (1) and Donepezil (2), illustrated in 
Formula 1. Another substance currently on clinical examination is Huperzine A, 
which is also an acetylcholinesterase inhibitor obtained from Hupersia Serrata. 
<Formula 1> 
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Second, the Alzheimer's disease can be delayed in its progression by 
studying genetic factors of Alzheimer's disease that relate to p-amyloid synthesis, 
progression, accumulation of neuron, and |3 -amyloid settlement in the cortex. 
Likewise, by finding control factors for lowering P-amyloid concentration outside 
5 the cell and selectively removing p-amyloid settlement inside the brain, the 
Alzheimer's disease can be treated, p-amyloid aggregation is a substantial cause of 
Alzheimer's disease, thus active researches are done on the matter to suppress its 
forming. 

Third, the Alzheimer's disease can be treated by using estrogen, an 
10 antioxidants, a free radical scavengers or anti-inflammatory agents. As a result, the 
disease progress can be prevented indirectly. 

Fourth, the Alzheimer's disease can be treated by preventing gradual and 
irreversible degeneration of the synapse and neurons. 

Currently, the therapeutics for Alzheimer's disease that have been 
15 approved by Food and Drug Administration (FDA) in the U.S. are all 
acetylcholinesterase inhibitors. 

Among the therapeutics mentioned above, Tarcrine has side effects such as 
hepatotoxicity, abdominal spasm, vomiting, and diarrhea; moreover, it is 
efficacious to only about 25 % of the patients with Alzheimer's disease. 
2 0 Meanwhile, Donepezil is more selective to acetylcholine, and has fewer side 
effects compared to Tarcrine; however, it is much less effective in treating the 
disease. 

Detailed description of the invention 

25 The present invention relates to novel compounds having high selectivity 

to acetylcholinesterase, and having effective inhibition for aggregation of (3- 
amyloid, and to provide the process for preparing them. 

The present invention also relates to produce therapeutic substances for 
Alzheimer's disease comprising the above compounds. 
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In order to accomplish the objectives above, the present invention is 
provided with novel piperidine derivatives of Formula 3. 
<Formula 3> 

R— O^/ \ 

<^ ^ (CH 2 ) 4 OC(O) R 





wherein R' is benzyl (\ — V ) or benzhydryl ( ); 

X 2 =X3 / (R) k 

R is (i) linear or branched C r C 6 alkyl, (ii) x <* — x * , or (in) - 

NHR 2 ; 

Rx is -H, -OH, halogen, -N0 2 , -NH 2 , linear or branched C r C 6 alkyl; 
X! is C; 

10 X 2 , X 3 , X 4 , X 5 , and X 6 individually are CH orN; 

k is an integer ranging from 1 to 5; and 

X 2 =X3 /(R)k 

R 2 is H or x e x s 

In Formula 3 , it is preferable that (i) when R is linear or branched C r C 6 
alkyl, the R is -CH 3 , or -(CH 2 ) n CH 3 (wherein n is an integer raging from 2 to 5); 

s * 



15 (ii) when R is x * — * , the R is \-J , N — * x °h, 




\ A "H AX x f 






' n , or I ; and 
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5 The present inventor discovered through numerous researches and 

experiments that the novel piperidine derivative illustrated as Formula 3 has 
characteristics to treat Alzheimer's disease. Formula 3 above has basic structure of 
piperidine that comprises carboxyl group, wherein R and R' is substituted with 
various functional groups to strengthen the efficacy in treating Alzheimer's disease. 

10 Reaction Scheme 1 represents the mechanism of inhibiting the function of 

acetylcholinesterase by binding enzyme acetylcholinesterase and ligand 
neostigmine. As shown in the Reaction Scheme 1, acetylcholinesterase that 
decomposes acetylcholine has functional anionic site and esteratic site, which is 
6 A apart from each other. The distance and interaction between the reaction sites 

15 are important factors for this enzyme to react with the ligand, thus the piperidine 
structure was planned so that a nitrogen atom on a piperidine ring would interact 
with an anionic site and an oxygen atom on an esteric group would interact with an 
esteratic site. Furthermore, by substituting the piperidine with various functional 
groups, the present invention validates structure-activity relations between a 

2 0 piperidine derivative and an acetylcholinesterase: 
<Reaction Scheme 1> 
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Anionic site 



E steratic site 



Although the present invention can be synthesized by various synthetic 
processes, one example is described below comprising the steps of: 

(a) reacting a compound of Formula 4 and a compound of Formula 5 to 
obtain a compound of Formula 6; 

(b) reducing the compound of Formula 6 to obtain a compound of Formula 
7; 

(c) reacting the compound of Formula 7 with RCOOH or R-N=C=0 to 
obtain a compound of Formula 3 : 

<Formula 4> 




<Formula 5> 



o 




<Formula 6> 
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<Formula 7> 
R l -0 




5 wherein, the substitutions of R, R f , R", R b R 2 , X 1? X 2 , X 3 , X 4 , X 5 , X 6 , X, 

and k are the same as stated above for Formula 3. 

More particularly, the process can be illustrated as Reaction Scheme 2 

below: 

<Reaction Scheme 2> 



o 



R'-O^/ — \ NaHC0 3 CI 

~ - NH 




Kl(cat) , MIBK 

R'= Benzyl, Benzhydryl R '= Be " z ^> Benzhydryl 

( Step 1 ) 

LiAIH 4 Ether 

(Step 2) 



O EDCI, DMAP, RCOOH, CHCi 3 

n ^ R'-O. 

XT^R \ /'^~" v "OH 

or R-N=C=0, CHCI 3 

R'= Benzyl, Benzhydryl R- Benzyl, Benzhydryl 
10 (Step 3) 



The starting material represented by Formula 4 can be synthesized by 
various synthetic processes, or be purchased. One of conventional process for 
obtaining Formula 4 is shown in the Reaction Scheme 3 below: 
1 5 <Reaction Scheme 3> 
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R'-Br, KJ (cat.) 
1 ,4-Dioxane 



R— O^/ \ 

T*" NH 

V_v . 

The present invention also provides pharmaceutical composition 
comprising an effective amount of the piperidine derivative of Formula 3 or its 
pharmaceutically acceptable salts. The compound of Formula 3 can be comprised 
in the pharmaceutical composition as a pharmaceutically acceptable salt form, and 
acid-salt formed by pharmaceutically acceptable free acid is useful as its salt. That 
is, the compound of Formula 3 can be formed easily into pharmaceutically 
acceptable acid-salt by conventional method. An organic acid and inorganic acid 
can be used for free acid, wherein the inorganic acid is hydrochloric acid, bromic 
acid, sulfuric acid, or phosphoric acid, and the organic acid is substituted with 
citric acid, acetic acid, lactic acid, tartaric acid, maleic acid, fumaric acid, formic 
acid, propionic acid, oxalic acid, trifluoroacetic acid, benzoic acid, gluconic acid, 
methane sulfonic acid, glycolic acid, succinic acid, 4-toluene sulfonic acid, 
glutamic acid, aspartic acid, etc. 

The pharmaceutical composition has inhibition effect of 
acetylcholinesterase and p -amyloid aggregation. The present invention of 
piperidine derivative can be both orally administrated in combination with a 
pharmaceutically acceptable carrier and injected with suitable solvent and diluent. 

( 1 ) Oral Administration 

The present invention of piperidine derivative can be orally administrated 
as a form of a capsule or a tablet. Here, general excipients such as starch, lactose, 
talc, stearic acid magnesium, etc., are used for a capsule excipient. Any 
conventional excipient is also acceptable for tablets, because tablets are 
manufactured from granules. Moreover, other conventional carriers are all suitable. 

8 
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In addition, additives such as starch, crystallized cellulose, 
hydroxypropylmethylcellulose, polyethylene glycol, lactose, polyvinyl pyrrolidone, 
glyceryl behanate, etc. and diluent such as glucose, spray-dried lactose, fast- 
flolactose, anhydrous lactose, sucrose, starch, starch 1500, calcium monohydrogen 
phosphate, emcompress, avicel, etc. can be added in the pharmaceutical 
composition for oral administration. 

Wet binder and granule solutions such as water, ethanol, gelatin solution, 
starch paste solution, sucrose syrup, povidone, cellulose derivatives, etc. and 
lubricants such as polyethylene glycol 4000, 6000, 8000, sodium lauryl sulfate, 
magnesium lauryl sulfate, sodium benzoate, polyethylene monostearate, glyceryl 
triacetate, magnesium stearate, zinc stearate, calcium, stearic acid, talc, hardened 
vegitable oil, fluid paraffin, paraffin, etc. can be added in the composition for oral 
administration. 

Fluidizing agents such as starch, talc, silicon dioxide, magnesium 
carbonate, magnesium oxide, etc. and adhesion inhibitors such as starch, talc, etc. 
and other additives such as hydroxypropylmethylcellulose, hydroxypropylcellulose, 
hydroxyethylcellulose, ethyl cellulose, methyl cellulose, carboxymethyl cellulose, 
polyacrylic acid, acrylic acid, acrylic acid derivative, polyvinyl pyrrolidone, 
polyethylene glycol, etc. can be added in the composition for oral administration. 

(2) Injection 

Meanwhile, in case of injection, the solvents such as alcohol derivatives, 
higher fatty acid ester, etc. and diluents comprising phosphate buffer saline and 
physiological saline and antiseptics such as sodium benzoate, methylparaben, or 
propylparaben can be added in the pharmaceutical composition for injection. 

For example, the pharmaceutical composition for injection can be 
manufactured by dissolving the piperidine derivative in an alcohol, and diluting it 
with either phosphate buffer saline or physiological saline. 
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An effective amount of the compound of Formula 3 according to the 
present invention is generally 0.01-500 mg/kg for adult. Furthermore, with doctors 
prescription, this dosage can be divided into 1-6 edible amount per day. 

For the reference, various literatures, which are related to the present 
invention, are cited as follows. These references compose the present invention in 
combination with the invention, and some of the background and detailed 
descriptions are quoted from these references. 
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Brief Description of the Drawings 

Figure 1 is a graph illustrating inhibition of acetylcholinesterase activation 
of piperidine derivatives obtained from Example 1 according to the present 
2 0 invention; 

Figure 2 is a graph illustrating inhibition of acetylcholinesterase activation 
of piperidine derivatives obtained from Example 2 according to the present 
invention; 

Figure 3 is a graph illustrating inhibition of acetylcholinesterase activation 
25 of piperidine derivatives obtained from Example 3 according to the present 
invention; 

Figure 4 is a graph illustrating inhibition of acetylcholinesterase activation 
of piperidine derivatives obtained from Example 4 according to the present 
invention; and 
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Figure 5 is a graph illustrating inhibition of acetylcholinesterase activation 
of piperidine derivatives obtained from Example 5 according to the present 
invention; 

5 Preparation of Piperidine Derivatives 
Example 1 

Step 1 - The synthesis of Ethyl-4-[4~(benzhydryloxy)piperidino]butanoate 
To 28mL of methyl isobutyl keton (MIBK) was added 4- 
(benzhydryloxy)piperidine (1.5g), NaHC0 3 (1.42g), potassium iodide (catalyst), 
10 and ethyl-4-chlorobutyrate (1.2mL). The resulting mixture was refluxed for 4 hrs. 
The resulting mixture was cooled, and concentrated under reduced pressure. The 
resultant solution was then extracted by using water and chloroform. An organic 
solution layer was dehydrated over magnesium sulfate, filtered, and concentrated 
under reduced pressure. The column chromatography was performed thereon, 
15 thereby obtaining crude yellowish liquid product (1 .41 g, 66% yield) of the title. 

^-NMRCCDCla): 51.26 (t, J=15.2Hz, 3H) 1.77-1.93 (m, 6H) 2.21-2.30 (m, 
2H) 2.32-2.42 (m, 4H) 2.77-2.79 (m, 2H) 3.41-3.44 (m, 1H) 4.14 (q, J=15.2Hz, 
2H) 5.53 (s, 1H) 7.23-7.37 (m, 10H) 

2 0 Step 2 - Synthesis of 4-[4-(benzhydryloxy)piperidino]-l-butanol 

The compound obtained from step 1 (0.4g) was dissolved in ether, and 
cooled in an ice bath. LiAlH 4 (O.lg) was added slowly to the solution. The 
resulting mixture was reacted at room temperature for 1 hr. before adding water to 
end the reaction. The resulting solution was then extracted by using water and ester. 

25 An organic solution layer was dehydrated over magnesium sulfate, filtered, and 
concentrated under reduced pressure. The column chromatography was performed 
thereon, thereby obtaining crude yellowish liquid product (0.15, 43% yield) of the 
title. 

I H-NMR(CDC1 3 ): 51.68-1.77 (m, 4H) 1.78-1.94 (m, 4H) 2.27-2.38 (m, 

30 4H) 2.76-2.79 (m, 2H) 3.45-3.58 (m, 3H) 5.51 (s, 1H) 7.23-7.36 (m, 10H) 

13 
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Step 3 - Synthesis of 4-[4-(benzhydryloxy)piperidino]butyl~4- 
nitrobenzoate 

To 4mL of chloroform was added 4- [4-benzhydryloxy]piperidino]- 1 - 
5 butanol obtained from step 2 (0.1 lg), 4-nitrobenzoic acid (0.1 g), 4- 
dimethylaminopyridine (DMAP, 0.12g), and l-[3-(dimethylamino)propyl]-3- 
ethylcarbodimide hydrochloride (O.lg). The resulting mixture was allowed to react 
at room temperature for 3 hrs. before adding water to end the reaction. The 
resulting solution was acidified with IN hydrochloric acid, and extracted by using 
10 chloroform. An organic solution layer was washed with IN sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The column chromatography was performed thereon, thereby obtaining 
crude yellowish liquid product (0.12g, 76% yield) of the title. 

*H-NMR(CDCl3): 51.65-1.89 (m, 8H) 2.06-2.16 (m, 2H) 2.39 (t, J=14.8Hz, 
15 2H) 2.74-2.77 (m, 2H) 3.45-3.48 (m, 1H) 4.40 (t, J=12.9Hz, 2H) 5.53 (s, 1H) 7.23- 
7.37 (m, 2H) 8.21 (d, J=8.8Hz, 2H) 8.29 (d, J=8.7Hz, 2H) 

Example 2 

The Synthesis of 4-[4-(benzhydryloxy)piperidino]butyl-4-chlorobenzoate 
20 To 5mL of chloroform was added 4-[4-benzhydryloxy]piperidino]-l- 

butanol, which was obtained from step 2 of example 1 (0.1 5g), 4-chlorobenzoic 
acid (0.1 Ig), 4-dimethylaminopyridine (0.1 6g), l-[3-(dimethylamino)propyl]-3- 
ethylcarboimide hydrochloric acid (O.lg),. The resulting mixture was allowed to 
react at room temperature for 2 hrs. before adding water to end the reaction. The 
25 resulting solution was acidified with IN hydrochloric acid, and extracted by using 
chloroform. An organic solution layer was washed with 4N sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The column chromatography was performed thereon, thereby obtaining 
crude yellowish liquid product (0.1 5g, 71% yield) of the title. 
30 'H-NMRtCDCy: 1.62-1.90 (m,8H) 2.14-2.22 (m, 2H) 2.39 (t, J=14.9Hz, 
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2H) 3.45-3.51 (m, 1H) 4.3 (t, J=12.7Hz, 2H) 5.53 (s, 1H) 7.27-7.37 (m, 10H) 7.41 
(d, J=8.5Hz, 2H) 7.97 (d, J=8.5Hz, 2H) 

Example 3 

5 The s ynthesis of 4-[4-(benzhydryloxy )pi peridino]butyl 4-fluorobenzoate 

To 5mL of chloroform was added 4-[4-benzhydryloxy]piperidino]-l- 
butanol, which was obtained from step 2 of example 1 (0.1 6g), 4-fluorobenzoic 
acid (O.lg), 4-dimethylaminopyridine (0.1 7g), l-[3-(dimethylamino)propyl]-3- 
ethylcarboimide hydrochloric acid (O.lg). The resulting mixture was allowed to 
10 react at room temperature for 2 hrs. before adding water to end the reaction. The 
resulting solution was acidified with IN hydrochloric acid, and extracted by using 
chloroform. An organic solution layer was washed with 4N sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The column chromatography was performed thereon, thereby obtaining 
15 yellowish liquid product (0.1 6g, 74% yield) of the title. 

1 H-NMR(CDC1 3 ) : 1.61-1.89 (m, 8H) 2.11-2.14 (m, 2H) 2.34 (t, J=15.2Hz, 
2H) 2.69-2.77 (m, 2H) 3.38-3.45 (m, 1H) 4.29 (t, J=13.2Hz, 2H) 5.50 (s, 1H) 7.07 
(t, J=22.8Hz, 2H) 7.21-7.39 (m, 10H) 8.02 (d,d JM19.6Hz, 2H) 

2 0 Example 4 

The Synthesis of 4-[4-(benzhydryloxy) piperidino]butyl benzoate 
To 6mL of chloroform was added 4-[4-benzhydryloxy]piperidino]-l- 
butanol, which was obtained from step 2 of example 1 (0.2 lg), benzoic acid 
(0.1 lg), 4-dimethylaminopyridine (0.23g), l-[3-(dimethylamino)propyl]-3- 

25 ethylcarboimide hydrochloric acid (0.13g). The resulting mixture was allowed to 
react at room temperature for 2 hrs. before adding water to end the reaction. The 
resulting solution was acidified with IN hydrochloric acid, and extracted using 
chloroform. An organic solution layer was washed with IN sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 

30 pressure. The column chromatography was performed thereon, thereby obtaining 
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crude yellowish liquid product (0.1 7g, 63% yield) of the title. 

■H-NMR(CDC1 3 ): 1.67-1.91 (m, 8H) 2.12-2.20 (m, 2H) 2.40 (t, J=15.0Hz, 
2H) 2.77-2.80 (m, 2H) 3.44-3.50 (m, 1H) 4.35 (t, J=12.7Hz, 2H) 5.54 (s, 1H) 7.25- 
7.37 (m, 10H) 7.42-7.47 (m, 2H) 7.54-7.57 (m, 1H) 8.05 (d, J=8.5Hz, 2H) 

5 

Example 5 

The Synthesis of 4-r4-(benzhydryloxy)piperidino"lbutyl 4- 
isopropylbenzoate 

To 12mL of chloroform was added 4-[4-benzhydryloxy]piperidino]-l- 
10 butanol, which was obtained from step 2 of example 1 (0.3g), 4-isopropylbenzoic 
acid (0.22g), 4-dimethylaminopyridine (0.32g), l-[3-(dimethylamino)propyl]-3- 
ethylcarboimide hydrochloric acid (0.19g). The resulting mixture was allowed to 
react at room temperature for 3 hrs. before adding water to end the reaction. The 
resulting solution was acidified with IN hydrochloric acid, and extracted by using 
15 chloroform. An organic solution layer was washed with IN sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The column chromatography was performed thereon, thereby obtaining 
crude yellowish liquid product (0.28g, 66% yield) of the title. 

^-NMRCCDCls): 1.24 (d, J=14.4Hz, 6H) 1.58-1.86 (m, 8H) 2.04-2.18 (m, 
20 2H) 2.34 (t, J=15.2Hz, 2H) 2.72-2.78 (m, 2H) 2.97-2.90 (m, 1H) 3.46-3.40 (m, 1H) 
4.28 (t, J=19.6Hz, 2H) 5.50 (s, 1H) 7.34-7.19 (m, 12H) 7.93 (d, J=16.0Hz, 2H) 

Example 6 

The Synthesis of 4-r4-(benzhydryloxy)piperidinolbutyl 4-(tert- 
25 butyl)benzoate 

To 5mL of chloroform was added 4-[4-benzhydryloxy]piperidino]-l- 
butanol, which was obtained from step 2 of example 1 (0.1 5g), 4-tert-butylbenzoic 
acid (0.1 2g), 4-dimethylaminopyridine (0.1 6g), l-[3-(dimethylamino)propyl]-3- 
ethylcarboimide hydrochloric acid (O.lg). The resulting mixture was allowed to 
30 react at room temperature for 3 hrs. before adding water to end the reaction. The 
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reaction mixture was acidified with IN hydrochloric acid, and extracted by using 
methylene chloride. An organic solution layer was washed with IN sodium 
hydroxide, dehydrated over sodium sulfate anhydrous, filtered, and concentrated 
under reduced pressure. The column chromatography was performed thereon, 
5 thereby obtaining crude yellowish liquid product (0.1 9g, 96% yield) of the title. 

1 H-NMR(CDC1 3 ): 1.41 (s, 9H) 1.72-1.86 (m, 8H) 2.05-2.15 (m, 2H) 2.34 
(t, J=14.6Hz, 2H) 2.71-2.77 (m, 2H) 3.39-3.47 (m, 1H) 4.3 (t, J=12.5Hz, 2H) 5.51 
(s, 1H) 7.21-7.37 (m, 10H) 7.42 (d, J=8.74Hz, 2H) 7.96 (d, J=10.56Hz, 2H) 

1 0 Example 7 

The Synthesis of 4-[4-(benzhydr yloxy)pi peridino]butyl 3-chlorobenzoate 
To 6mL of chloroform was added 4-[4-benzhydryloxy]piperidino]-l- 
butanol, which was obtained from step 2 of example 1 (0.2g), 3-chlorobenzoic acid 
(0. 14g), 4-dimethylaminopyridine (0.22g), l-[3-(dimethylamino)propyl]-3- 
15 ethylcarboimide hydrochloric acid (0.13g). The resulting mixture was allowed to 
react in room temperature for 4 hrs. before adding water to end the reaction. The 
resulting solution was acidified with IN hydrochloric acid, and extracted by using 
chloroform. An organic solution layer was washed with IN sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
2 0 pressure. The column chromatography was performed thereon, thereby obtaining 
crude yellowish liquid product (0.092g, 33% yield) of the title. 

^-NMRCCDCls): 1.57-1.92 (m, 8H) 2.10-2.18 (m, 2H) 2.34 (t, J=14.8Hz, 
2H) 2.73-2.79 (m, 2H) 3.41-3.48(m, 1H) 4.31 (t, J=12.8Hz, 2H) 5.50 (s, 1H) 7.20- 
7.39 (m, 11H) 7.50 (d, J=8Hz, 1H) 7.89 (d, J=7.6Hz, 1H) 7.98 (s, 1H) 

25 

Example 8 

The Synthesis of 4-[4-(benzhydryloxy)piperidino]butyl 3-fluorobenzoate 
To 6mL of chloroform was added 4-[4-benzhydryloxy]piperidino]-l- 
butanol, which was obtained from step 2 of example 1 (0.2 Ig), 3-fluorobenzoic 
30 acid (0.13g), 4-dimethylaminopyridine (0.23g), l-[3-(dimethylamino)propyl]-3- 

17 
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ethylcarboimide hydrochloric acid (0.13g). The resulting mixture was allowed to 
react at room temperature for 3 hrs. before adding water to end the reaction. The 
resulting solution was acidified with IN hydrochloric acid, and extracted by using 
chloroform. The organic layer was washed with IN sodium hydroxide, dehydrated 
5 over magnesium sulfate, filtered, and concentrated under reduced pressure. The 
column chromatography was performed thereon, thereby obtaining crude 
yellowish liquid product (0.0388g, 14% yield) of the title. 

^-NMRCCDCla): 1.66-1.92 (m, 8H) 2.17-2.24 (m, 2H) 2.40 (t, J-14.4Hz, 
2H) 2.76-2.82 (m, 2H) 3.44-3.49 (m, 1H) 4.35 (t, J=12.8Hz, 2H) 5.53 (s, 1H) 7.23- 
10 7.43 (m, 12H) 7.72(d, J=7.7Hz, 1H) 7.84 (d, J=7.7Hz, 1H) 

Example 9 

The Synthesis of 4-[4-(benzhydryloxy )piperidino ]butyl N-(4- 
chlorophenyl)carbamate 

To 19mL of acetonitrile was added 4- [4-benzhy dryloxy Jpiperidino] - 1 - 
butanol, which was obtained from step 2 of example 1 (0.66g), 4-chlorophenyl 
isocyanate (0.3g). The resulting mixture was refluxed for 4 hrs. The reaction 
mixture was cooled, and concentrated under reduced pressure. The resultant 
mixture was then extracted by using water and chloroform. An organic solution 
layer was dehydrated over magnesium sulfate, filtered, and concentrated under 
reduced pressure. The column chromatography was performed thereon, thereby 
obtaining crude yellowish liquid product (0.23g, 24% yield) of the title. 

^-NMRCCDCls): 1.68-1.94 (m, 6H) 2.04-2.12 (m, 2H) 2.22-2.28 (m, 2H) 
2.43 (t, J=13.4Hz, 2H) 2.76-2.82 (m, 2H) 3.47-3.51 (m, 1H) 4.18 (t, J-10.8Hz, 2H) 
5.52 (s, 1H) 6.85 (s, 1H) 7.24-7.43 (m, 14H) 

Example 10 

The Synthesis of 4-[4-(benzhydryloxy)piperidino]butyl N-(4- 
fluorop he nyl)carbamate 
3 0 To 14mL of acetonitrile was added 4- [4-benzhy dryloxy]piperidino]-l- 

18 
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butanol, which was obtained from step 2 of example 1 (0.48g), 4-fluorophenyl 
isocyanate (0.23 g). The mixture was refluxed for 4 hrs. The reaction mixture was 
cooled, and concentrated under reduced pressure. The resultant mixture was then 
extracted by using water and chloroform. An organic solution layer was 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The column chromatography was performed thereon, thereby obtaining 
crude yellowish liquid product (0. 18g, 24% yield) of the title. 

1 H-NMR(CDC1 3 ): 1.66-1.92 (m, 6H) 1.81-1.97 (m, 2H) 2.09-2.16 (m, 2H) 
2.31 (t, J=12.2Hz, 2H) 2.74-2.82 (m, 2H) 3.39-3.42 (m, 1H) 4.12 (t, J=11.2Hz, 2H) 
5.49 (s, 1H) 6.67 (s, 1H) 6.98 (t, J=10.6Hz, 2H) 7.14-7.25 (m, 12H) 

Example 11 

The Synthesis of 4-[4-(benzhydryloxy) piperidinojbutyl nitcotinate 
To 8mL of chloroform was added 4-[4-benzhydryloxy]piperidino]-l- 
butanol, which was obtained from step 2 of example 1 (0.1 4g), nicotinic acid 
(0.1 g), 4-dimethylaminopyridine (0. 12g), 1 -[3-(dimethylamino)propyl]-3- 
ethylcarboimide hydrochloric acid (O.lg). The mixture was allowed to react at 
room temperature for 3 hrs. before adding water to end the reaction. The reaction 
mixture was acidified with IN hydrochloric acid, and extracted by using 
chloroform. An organic solution layer was washed with IN sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The column chromatography was performed thereon, thereby obtaining 
crude yellowish liquid product (0.12g, 66% yield) of the title. 

'H-NMRtCDCy: 1.64-1.89 (m, 8H) 2.14-2.17 (m, 2H) 2.38 (t, J=14.9Hz, 
2H) 2.75-2.78 (m, 2H) 3.46-3.51 (m, 1H) 4.38 (t, J=12.9Hz, 2H) 5.53 (s, 1H) 7.24- 
7.39 (m, 11H) 8.35 (d, J=4.9Hz, 1H) 8.78 (d, J-4.8Hz, 1H) 9.23 (s, 1H) 

Example 12 

Step 1 - The Synthesis of ethyl 4-[4-(benzyloxy) pi peridino]butanoate 

To 12mL of 7V,iV-dimethylformamide was added 4-(benzyloxy)piperidine 
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(0.8g), sodium bicarbonate (1.05g), potassium iodide (used as a catalyst), ethyl-4- 
chlorobutyrate (0.88mL). The resulting mixture was refluxed for 4 hrs. The 
resulting mixture was cooled, and concentrated under reduced pressure. The 
resultant mixture was then extracted by using water and chloroform. An organic 
solution layer was dehydrated over magnesium sulfate, filtered, and concentrated 
under reduced pressure. The column chromatography was performed thereon, 
thereby obtaining crude yellowish liquid product (1 .05g, 82% yield) of the title. 

^-NMRCCDCy: 1.22 (t, J=16.8Hz, 3H) 1.67-1.91 (m, 6H) 2.09-2.19 (m, 
2H) 2.27-2.36 (m, 4H) 2.78-2.81 (m, 2H) 3.38-3.42 (m, 1H) 4.10 (q, JM16.8Hz, 
2H) 4.51 (s, 2H) 7.23-7.34 (m, 5H) 

Step 2 - The Synthesis of 4-[4-(benzyloxy)piperidino]-l-butanol 
The compound obtained from step 1 (4.8g) was dissolved in ether, and 
cooled in an ice bath. LialH 4 (O.lg) was added slowly to the solution. The resulting 
mixture was reacted at room temperature for 1 hr. before adding water to end the 
reaction. The resulting solution was then extracted by using water and ester. An 
organic solution layer was dehydrated over magnesium sulfate, filtered, and 
concentrated under reduced pressure. The column chromatography was performed 
thereon, thereby obtaining crude yellowish liquid product (3.44g, 83% yield) of the 
title. 

^-NMRCCDC^): L62-1.76 (m, 6H) 1.84-1.91 (m, 2H) 2.21-2.31 (m, 4H) 
2.70-2.76 (m, 2H) 3.42-3.56 (m, 3H) 4.48 (s, 2H) 7.19-7.30 (m, 5 H) 

Step 3 - The Synthesis of 4-[4-(benzyloxy)piperidino]butyl 4- 
nitrobenzoate 

To 14mL of chloroform was added 4-[4-(benzyloxy)piperidino]-l-butanol, 
which was obtained from step 2 (0.37g), 4-nitrobenzoic acid (0.3 5g), 4- 
dimethylaminopyridine (0 . 5 1 g), 1 - [3 -(dimethylamino)propy l]-3 -ethylcarboimide 
hydrochloric acid (0.3g). The resulting mixture was allowed to react at room 
temperature for 2 hrs. before adding water to end the reaction. The resulting 
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solution was acidified with IN hydrochloric acid, and extracted by using 
chloroform. An organic solution layer was washed with IN sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The column chromatography was performed thereon, thereby obtaining 
5 crude yellowish liquid product (0.58g, 64% yield) of the title. 

! H-NMR(CDCl3): 1.64-1.91 (m, 8H) 2.12-2.18 (m, 2H) 2.40 (t, J-14.9Hz, 
2H) 2.76-2.82 (m, 2H) 3.42-3.48 (m, 1H) 4.40 (t, J=12.9Hz, 2H) 4.55 (s, 1H) 7.27- 

7.36 (m, 5H) 8.21 (d, J=10.7Hz, 2H) 8.29 (d, J=10.6Hz, 2H) 

10 Example 13 

The Sy nthesis of 4-[4-(benzyloxy)piperidino]butyl 4-chlorobenzoate 
To 30mL of chloroform was added 4-[4-(benzyloxy)piperidino]-l-butanol, 
which was obtained from step 2 of example 12 (0.8g), 4-chlorobenzoic acid 
(0.7 1 g), 4-dimethylaminopyridine (0.64g), 1 -[3-(dimethylamino)propyl]-3- 
15 ethylcarboimide hydrochloric acid (l.llg). The resulting mixture was allowed to 
react at room temperature for 4 hrs. before adding water to end the reaction. The 
resulting solution was acidified with IN hydrochloric acid, and extracted by using 
chloroform. An organic solution layer was washed with IN sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
2 0 pressure. The column chromatography was performed thereon, thereby obtaining 
crude yellowish liquid product (0.74g, 61% yield) of the title. 

'H-NMRCCDCls): 1.68-1.94 (m, 8H) 2.15-2.22 (m, 2H) 2.40 (t, J=T4.7Hz, 
2H) 2.78-2.84 (m, 2H) 3.42-3.46 (m, 1H) 4.34 (t, J=12.6Hz, 2H) 4.56 (s, 2H) 7.28- 

7.37 (m-, 5H) 7.42 (d, J-8.4Hz, 2H) 7.98 (d, J=8.4Hz, 2H) 
25 . 

Example 14 

The Synthesis of 4-[4-(benzyloxy)piperidino]butyl 4-fluorobenzoate 
To 14mL of chloroform was added 4-[4-(benzyloxy)piperidino]-l-butanol, 
which was obtained from step 2 of example 12 (0.37g), 4-fluorobenzoic acid (0.3 g), 
30 4-dimethylaminopyridine (0.5 lg), l-[3-(dimethylamino)propyl]-3-ethylcarboimide 
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hydrochloric acid (0.3 g). The resulting mixture was allowed to react at room 
temperature for 2 hrs. before adding water to end the reaction. The resulting 
solution was acidified with IN hydrochloric acid, and extracted by using 
chloroform. An organic solution layer was washed with IN sodium hydroxide, 
5 dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The column chromatography was performed thereon, thereby obtaining 
crude yellowish liquid product (0.34g, 63% yield) of the title. 

l H-NMR(CDCl 3 ): 1.61-1.78 (m, 6H) 1.84-1.90 (m, 2H) 2.10-2.16 (m, 2H) 
2.34 (t, J=15.2Hz, 2H) 2.71-2.78 (m, 2H) 3.38-3.44 (m, 1H) 4.29 (t, J=13.2Hz, 2H) 
10 4.51 (s, 2H) 7.07 (t, J=23.2Hz, 2H) 7.21-7.34 (m, 5H) 8.02 (d,d J=20.0Hz, 2H) 

Example 15 

The Synthesis of 4-[4-(benzyloxy)piperidino]butyl benzoate 

To 14mL of chloroform was added 4-[4-(benzyloxy)piperidino]-l-butanol, 

15 which was obtained from step 2 of example 12 (0.3g), benzoic acid (0.26g), 4- 
dimethylaminopyridine (0.5 lg), l-[3-(dimethylamino)propyl]-3-ethylcarboimide 
hydrochloric acid (0.3 g). The resulting mixture was allowed to react at room 
temperature for 2 hrs. before adding water to end the reaction. The resulting 
solution was acidified with IN hydrochloric acid, and extracted by using 

2 0 chloroform. An organic solution layer was washed with IN sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The column chromatography was performed thereon, thereby obtaining 
crude yellowish liquid product (0.35g, 69% yield) of the title. 

1 H-NMR(CDC1 3 ): 1.58-1.79 (m, 6H) 1.88-1.96(m, 2H) 2.08-2.16 (m, 2H) 

25 2.35 (t, J=15.2Hz, 2H) 2.74-2.78 (m, 2H) 3.36-3.44 (m, 1H) 4.30 (t, J=13.2Hz, 2H) 
4.51 (s, 2H) 7.21-7.33 (m, 5H) 7.38-7.45 (m, 2H) 7.50-7.54 (m, 1H) 8.01 (d, 
J=9.6Hz, 2H) 

Example 16 

30 The Synthesis of 4-[4-(benzyloxy)piperidino]butyl 4-isopropylbenzoate 

22 
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To 20mL of chloroform was added 4-[4-(benzyloxy)piperidino]- 1 -butanol, 
which was obtained from step 2 of example 12 (0.63g), 4-isopropylbenzoic acid 
(0.59 g), 4- dimethy laminopyridine (0 . 5 0 g), 1 - [3 -(dimethylamino)pr opyl]-3 - 
ethylcarboimide hydrochloric acid (0.88g). The resulting mixture was allowed to 
5 react at room temperature for 3 hrs. before adding water to end the reaction. The 
resulting solution was acidified with IN hydrochloric acid, and extracted by using 
chloroform. An organic solution layer was washed with IN sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The column chromatography was performed thereon, thereby obtaining 
10 crude yellowish liquid product (0.62g, 64% yield) of the title. 

1 H-NMR(CDC1 3 ): 1.24 (d, J=8.2Hz, 6H) 1.63-1.77 (m, 6H) 1.80-1.94 (m, 
2H) 2.10-2.14 (m, 2H) 2.39 (t, J=14.9Hz, 2H) 2.76-2.81 (m, 2H) 2.90-2.97(m, 1H) 
3.38-3.44 (m, 1H) 433 (t, J=12.7Hz, 2H) 4.56 (s, 2H) 7.29-7.37 (m, 12H) 7.94 (d, 
J=8.2Hz, 2H) 

15 

Example 17 

The Synthesis of 4-[4-(benzyloxy)piperidino]butyl 4-(fer/-butyl)benzoate 
To 30mL of chloroform was added 4-[4-(benzyloxy)piperidino]-l -butanol, 
which was obtained from step 2 of example 12 (0.3 5 g), 4-tert-butylbenzoic acid 
2 0 (0.36g), 4-dimethylaminopyridine (0.49g), 1 -[3-(dimethylamino)propyl]-3- 
ethylcarboimide hydrochloric acid (0.28g). The resulting mixture was allowed to 
react at room temperature for 2 hrs. before adding water to end the reaction. The 
resulting solution was acidified with IN hydrochloric acid, and extracted by using 
chloroform. An organic solution layer was washed with IN sodium hydroxide, 
25 dehydrated over sodium sulfate anhydrous, filtered, and concentrated under 
reduced pressure. The column chromatography was performed thereon, thereby 
obtaining crude yellowish liquid product (0.42g, 76% yield) of the title. 

1 H-NMR(CDC1 3 ): 1.32 (s, 9H) 1.64-1.78 (m, 6H) 1.86-1.92 (m, 2H) 2.08- 
2.14 (m, 2H) 2.35 (t, J=15.2Hz, 2H) 2.72-2.77 (m, 2H) 3.37-3.41 (m, 1H) 4.29 (t, 
30 J=12.8Hz, 2H) 4.51 (s, 2H) 7.23-7.36 (m, 5H) 7.42 (d, J-8.0Hz, 2H) 7.94 (d, 
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J=8.0Hz, 2H) 
Example 18 

The Synthesis of 4-[4-(ben2yloxy)piperidino]butyl 3-chlorobenzoate 
5 To 12mL of chloroform was added 4-[4-(benzyloxy)piperidino]-l-butanol, 

which was obtained from step 2 of example 12 (0.43 g), 3-chlorobenzoic acid 
(0.38g), 4-dimethylaminopyridine (0.60g), l-[3-(dimethylamino)propyl]-3- 
ethylcarboimide hydrochloric acid (0.34g). The resulting mixture was allowed to 
react at room temperature for 4 hrs. before adding water to end the reaction. The 

10 resulting solution was acidified with IN hydrochloric acid, and extracted by using 
chloroform. An organic solution layer was washed with IN sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The column chromatography was performed thereon, thereby obtaining 
. crude yellowish liquid product (0.3 lg, 47% yield) of the title. 

15 1 H-NMR(CDC1 3 ): 1.57-1.77 (m, 6H) 1.89-1.96 (m, 2H) 2.08-2.14 (m, 2H) 

2.31 (t, J=14.8Hz, 2H) 2.71-2.78 (m, 2H) 3.36-3.42(m, 1H) 4.30 (t, J=12.8Hz, 2H) 
4.51 (s, 2H) 7.21-7.38 (m, 6H) 7.48 (d, J=8.0Hz, 1H) 7.86 (d, J=7.6Hz, 1H) 7.94 (s, 
1H) 

2 0 Example 19 

The Synthesis of 4-[4-(benzyloxy)piperidino]butyl 3-fluorobenzoate 
To 26mL of chloroform was added 4-[4-(benzyloxy)piperidino]-l-butanol, 
which was obtained from step 2 of example 12 (0.7g), 3-fluorobenzoic acid (0.56g) 5 
4-dimethylaminopyridine (0.97g), l-[3-(dimethylamino)propyl]-3-ethylcarboimide 

25 hydrochloric acid (0.56g). The resulting mixture was allowed to react at room 
temperature for 4 hrs. before adding water to end the reaction. The resulting 
solution was acidified with IN hydrochloric acid, and extracted by using 
chloroform. An organic solution layer was washed with IN sodium hydroxide, 
dehydrated over magnesium sulfate, filtered, and concentrated under reduced 

30 pressure. The column chromatography was performed thereon, thereby obtaining 
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crude yellowish liquid product (0.49g, 48% yield) of the title. 

l H-NMR(CDCl 3 ): 1.64-1.79 (m, 6H) 1.89-1.94 (m, 2H) 2.08-2.17 (m, 2H) 
2.35 (t, J-15.2Hz, 2H) 2.73-2.84 (m, 2H) 3.39-3.44 (m, 1H) 4.31 (t, J=12.8Hz, 2H) 
4.51 (s, 2H) 7.24-7.66 (m, 7H) 7.80 (d, J=2.8Hz, 1H) 7.79 (d, J=3.2Hz, 1H) 

Example 20 

The Synthesis of 4-[4-(benzyloxy)piperidino1butyl iV-(4- 
chlorophenyl)carbamate 

To 26mL of acetonitrile was added 4-[4-(benzyloxy)piperidino]-l-butanol, 
which was obtained from step 2 of example 12 (0.7g), 4-chlorophenyl isocyanate 
(0.42g). The mixture was refluxed for 4 hrs. The resulting mixture was cooled, and 
concentrated under reduced pressure. The resultant mixture was then extracted by 
using water and chloroform. An organic solution layer was dehydrated over 
magnesium sulfate, filtered, and concentrated under reduced pressure. The column 
chromatography was performed thereon, thereby obtaining crude yellowish liquid 
product (0.67g, 61% yield) of the title. 

1 H-NMR(CDC1 3 ) : 1.53-1.69 (m, 6H) 1.89-1.99 (m, 2H) 2.08-2.16 (m, 2H) 
2.32 (t, J=15.2Hz, 2H) 2.68-2.74 (m, 2H) 3.38-3.43 (m, 1H) 4.14 (t, J=12.8Hz, 2H) 
4.51 (s, 2H) 6.67 (s, 1H) 7.21-7.32 (m, 9H) 

Example 21 

The Synthesis of 4-[4-(benzyloxy)piperidino]butyl iV-(4- 
fluorophenyl)carbamate 

To 37mL of acetonitrile was added 4-[4-(benzyloxy)piperidino]-l-butanol, 
which was obtained from step 2 of example 12 (0.99g), 4-fluorophenyl isocyanate 
(0.49mL). The mixture was refluxed for 5 hrs. The reaction mixture was cooled, 
and concentrated under reduced pressure. The resultant mixture was then extracted 
by using water and chloroform. An organic solution layer was dehydrated over 
magnesium sulfate, filtered, and concentrated under reduced pressure. The column 
chromatography was performed thereon, thereby obtaining crude yellowish liquid 
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product (0.72g, 48% yield) of the title. 

1 H-NMR(CDC1 3 ) : 1.59-1.71 (m, 6H) 1.88-1.94 (m, 2H) 2.12-2.18 (m, 2H) 
2.36 (t, J=14.8Hz, 2H) 2.78-88 (m, 2H) 3.42-3.48 (m, 1H) 4.18 (t, J=12.6Hz, 2H) 
4.56 (s, 2H) 6.78 (s, 1H) 7.02 (t, J=8.6Hz, 2H) 7.28-7.36 (m, 7H) 

5 

Experiment for Measuring Acetylcholinesterase Inhibition Effect 
1 . Reagents 

The compounds used for measuring acetylcholinesterase (AChE) activity 
10 such as acetylcholinesterase (Type V-S: from electric eel), acetylcholine iodide, 
5,5-dithio-bis(2-nitro benzoic acid), and neostigmine bromide, were products of 
Sigma Chemical Co., U.S.A., and high purity reagents were selected for other 
reagents. 

15 2. Apparatus and Equipment 

SmartSpec3000, an UV spectrometer, was manufactured by BioRad 
Company; Mettler AB204S, chemical balance, was manufactured by Toledo 
company; pH meter 360 was manufactured by Beckman Company; and other 
apparatus such as ice maker, water bath, freezer were standard products. 

20 

3. Measurement of Acetylcholinesterase Activity 

Modified Ellman's method for measuring enzyme activity was used to 
meet with the measurement of acetylcholinesterase activity. The enzyme was 
separated into certain amount, and kept under 80°C below zero. The final 
2 5 concentration of the enzyme used in the experiment was 0.03 unit concentration. 
1000 jliM of acetylcholine iodide dissolved in 0.1 M sodium phosphate buffer (pH 
8.0) was used for substrate. As for dye reagent, 5,5-dithio-bis-(2-nitrobenzoic 
acid) (39.6 mg) and sodium bicarb onate( 15 mg) dissolved in lOmL sodium 
phosphate buffer (0.1M, pH 7.0) was used. 
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The procedure for the enzyme reaction was as follows. After adding 200 
lit DTNB and 100 M& enzyme (0.03U) to 2mL sodium phosphate buffer (pH 8.0), 
the resulting mixture was pre-heated at 37°C for 10 minutes. To the resulting 
mixture 200 substrate was added, and allowed to react for 3 minutes. The 
5 spectrometer of finished reaction was measured at 412 nm wave. IC 50 value 
connected to activity inhibition was measured by quantal-dose response. The 
results are summarized in Table la and Table lb. 

Experiment for measuring inhibition of ft-amyloid agg regation 

10 

1 . Reagents 

As the materials used for measuring (3-amyloid aggregation, (3-amyloid (1- 
42) was a product of American Peptide Co., U.S.A.; and thioflavin T, phosphate 
buffered saline tablets, and dimethyl sulfoxide (DMSO, 99.5%) were products of 
15 Sigma Chemical Co., U.S.A., and high purity reagents were selected for other 
reagents. 

2. Apparatus and Equipments 

RF-5300PC, a fluorescent spectrometer, was manufactured by Shimadzu 
2 0 Corp.; Mettler AB204S, chemical balance, was manufactured by Toledo company; 
pH meter 360 was manufactured by Beckman Company; and other apparatus such 
as ice maker, water bath, freezer were standard products. 

3. Experiment for Measuring Inhibition of (3-amyloid (1-42) Aggregation 

2 5 Fluorescent analysis was used in measuring (3 -amyloid aggregation. This 

peptide compound was kept in the deep freezer (-80°C), and the final concentration 
used in the mesurement was 5|jM. Compounds that need to be analyzed were 
dissolved in 99.5% DMSO, and fluorescent substance was prepared by dissolving 
thioflavin T (5 uM) in 0.01 M sodium phosphate buffer. 

27 
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The procedure for aggregation reaction was as follows. To 0.01 M sodium 
phosphate buffer (92.5 fit) was added fixed concentration of a compound, for 
measuring purpose, (5 fit) and 5 jjM (3-amyloid 1-42 (2.5 fit). The resulting 
mixture was kept at 37°C for 26 hours to aggregate. 5 jjM tioflavin T (2000 fit) 
5 was added thereto, and then fluorescent strength was measured with fluorescent 
spectrometer. The wavelength of fluorescent spectrometer was set at Ex=446 nm 
(slit width=5 nm), Em=490 nm (slit width=10 nm), and IC 50 value connected to 
aggregation inhibition was measured by quantal-dose response. The results are 
summarized in Table la. 

10 As shown in Table la, the piperidine derivatives of Formula 3 synthesized 

as Example 2, wherein R is chlorobenzyl group and R' is benzhydryl group, are 
used in the lowest concentration (0.3 \xM) to inhibit 50% of enzyme activity. Thus, 
they are useful as a pharmaceutical composition for treating Alzheimer's disease. 
Likewise, the piperidine derivatives synthesized as Example 6, wherein R is tert- 

15 butyl group and R' is benzhydryl group, are used in the lowest concentration to 
inhibit p-amyloid aggregation. In general, R' substituted with benzhydryl group, 
rather than benzyl, was favorable to inhibition of acetylcholinesterase and (3- 
amyloid. 

2 0 [Table la] 



Example 


Chemical Structure 


AChE 
Inhibition 

(ic 50 ) 


3 -Amyloid 
Aggregation 
Inhibition (IC 50 ) 


1 


\_J 


7.2uM 


53.14}xM 


2 




0.3uM 


28.2 luM 


3 




0.84uM 


3633[iU 
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4 




1.3|jM 


40.33uM 


5 




3.89uM 


76.86uM 


6 


vi 


2.41 uM 


20.02uM 


7 




3.39uM 


91.96uM 


8 


vi> F 


70.7uM 


33.72uM 


9 


/^V V H 


2.45uM 


37.32uM 


10 




2.45 uM 


113.64uM 


11 


S^O AQ 


>150uM 


61.15uM 



[Table lb] 



Example 


Chemical Structure 


AChE Inhibition 

(ic 50 ) 


12 


O^-O — -^O** 


>100uM 


13 




>100uM 


14 




>100uM 


15 




>100uM 
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16 


— -^O^ 


14.78|jM 


17 




12.20|jM 


18 


Ct 


>100jjM 


19 


F 


>100mM 


20 


H 


>100|jM 


21 


H 


>100mM 



Acute Toxicity Test 

In order for a compound to be comprised in the pharmaceutical 
5 composition for treating Alzheimer's disease, it must be nontoxic. The 
representative compounds synthesized by Example 2 (the best substance for 
inhibiting acetylcholinesterase) and by Example 6 (the best substance for 
inhibiting (3-amyloid aggregation) were put through an acute toxicity test on 
animals. This test followed the protocol of Korea Food & Drug Administration. 

10 Several groups of ICR mice (male, weight 30±3 g), wherein one group comprises 4 
mice, were intraperitoneal^ injected. at once with the above, compound according 
to the concentration ranging from 50 mg/kg to 500 mg/kg, and the death rate and 
weight change was observed for 10 days. The compounds used for the test were 
diluted with wheat germ oil. Consequently, there were no death in both groups that 

15 were injected with compounds from Example 2 and Example 6. Although some 
weight loss occurred on the first day of injection for groups with 500 mg/kg 
injection (6.96%) of the compound from Example 2 and 200 mg/kg injection 
(6.31%) of the compound from Example 6, the weight consistently increased from 
second day on. Furthermore, there were no problems in the motility of the animals. 
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Through the experiment, prediction can be made that the fatal dose of the 
compounds to be much higher in concentration than 500 mg/kg, which prove that 
these substances are very safe to use. The results are summarized in Table 2 (the 
compounds of Example 2) and Table 3 (the compounds of Example 6). 

[Table 2] Toxicity Experiment on the Compound Synthesized in Example 2 



^\clays 
(mg/kg) 


0 


1 


2 


6 


10 


500 


28.8 


26.8 


28.0 


31.3 


34.3 


Weight Change(%) 




-6.96 


-2.6i 


8.7 


19.13 ; 


200 


27.5 


26.8 


27.3 


3.03 


33.3 


Weight Change(%) 




\ -2.73 


-0.91 


10 


. 20.91 


50 


27.3 


27.3 


27.5 


29.8 


32.8 


Weight ehange(%) 






0.92 ;• 


9.17 


20.18 


Control 


27.0 


26.5 


27.5 


29.5 


32.5 


Weight Chan ge(%) 






1.85 ,< 


9.26 


,\ 20.37 , 



[Table 3] Toxicity Experiment on the Compound Synthesized in Example 6 



~~""\^days 

Dosage~\^^ 

(mg/kg) 


0 


1 


2 


6 


10 


500 


27.0 


25.5 


26.3 


28.8 


31.8 


Weight Changef/o) 




-5.56 


■ -2.78- 




1,7.59 - : 


200 


27.8 


26.0 


28.3 


31.0 


33.8 


Weight Change(%) 




-6.3 1 


.1.8 


: ri.71 . 


21.62 


50 


27.0 


26.0 


27.0 


29.3 


32.3 


Weight Change(°/o) 




-3.70 . 


0.00 


• 8.33 


. 19.44. 


Control 


27.0 


26.5 


27.5 


29.5 


32.5 


Weight Change(%) 




-1.85 


: 1-85 


' ;93S 


20.37 
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The compound of the present application have the structure of piperidine 
ring having butylcarboxylate functional group, and benzyloxy or benzhydryl 
functional group. This compound can be a great use as a therapeutic substance by 
designing and synthesizing in consideration to the distance in reaction site and 
reactivity of butyl carboxylate group and benzyloxy or benzhydryl group to the 
parent structure of piperidine. Furthermore, when the electronic donating group 
and electron withdrawing group were introduced as substitutes of piperidine, the 
reactivity of the compound showed excellent inhibiting effect on 
acetylcholinesterase and (3 -amyloid protein aggregation. Finally, the compounds 
showed no toxicity on mouse even with 500 mg/kg injection when acute toxicity 
test was done 

Industrial Availability of the Invention 

As we have described in the above, the present invention can be a great 
use as a therapeutic substance for Alzheimer's disease due to its excellency in 
inhibiting acetylcholinesterase and aggregation of (3-amyloid protein that relates to 
causing the disease. 
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What is claimed is: 



1 . A piperidine derivative represented by Formula 3 : 
<Formula 3> 



R— O^/ \ 



wherein R' is benzyl * ) or benzhydryl 




CH 2 > 





); 



X 2 =X3^.(R) k 



10 NHR 2 ; 



R is (i) linear or branched C r C 6 alkyl, (ii) x <* x * , or (iii) - 

R, is -H, -OH, halogen, -N0 2 , -NH 2 , linear or branched C r C 6 alkyl; 
Xj is C; 

X 2 , X 3 , X 4 , X 5 , and X 6 individually are CH or N; 
k is an integer ranging from 1 to 5; and 

X2=Xj^(R) k 

15 R 2 is H or x s Xs 

2. The piperidine derivative according to claim 1, wherein R is selected from 
the group consisting of following moieties: 

(i) -CH 3 , -(CH 2 ) n CH 3 (wherein n is an integer raging from 2 to 5), 
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3. The piperidine derivative according to claim 1 5 wherein the piperidine 
derivative is selected from the group consisting of: 

4-[4-(benzhydryloxy)piperidino]butyl-4-nitrobenzoate; 

4-[4-(benzhyryloxy)piperidino]butyl-4-chlorobenzoate; 

4-[4-(benzhydryloxy)piperidino]butyl-4-fluorobenzoate; 

4- [4-(benzhy dryloxy)piperidino]butyl benzoate; 

4-[4-(benzhydryloxy)piperidino]butyl-4-isopropylbenzoate; 

4-[4-(benzhydryloxy)piperidino]butyl-4-(tertiary-butyl)benzoate; 

4-[4-(benzhydryloxy)piperidino]butyl-3-chlorobenzoate; 

4-[4-(benzhydryloxy)piperidino]butyl-3-fluorobenzoate; 

4-[4-(benzhydryloxy)piperidino]butyl~N-(4-chlorophenyl)carbamate; 

4-[4-(benzhydryloxy)piperidino]butyl-N-(4-fluorophenyl)carbamate; 

4-[4-(benzhydryloxy)piperidino]butyl nicotinate; 

4-[4-(benzyloxy)piperidino]butyl-4-nitrobenzoate; 

4-[4-(benzyloxy)piperidino]butyl-4-chlorobenzoate; 
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4-[4-(benzyloxy)piperidino]butyl-4-fluorobenzoate; 
4-[4-(benzyloxy)piperidino]butyl benzoate; 
4-[4-(benzyloxy)piperidino]butyl-4-isopropylbenzoate; 
4-[4-(benzyloxy)piperidino]butyl-(tertiary-butyl)benzoate; 
4-[4-(benzyloxy)piperidino]butyl-3-chlorobenzoate; 
4-[4-(benzyloxy)piperidino]butyl-3-fluorobenzoate; 
4-[4-(benzyloxy)piperidino]butyl~N-(4-chlorophenyl)carbamate; and 
4»[4-(benzyloxy)piperidino]butyl-N-(4-fluorophenyl)carbamate. 

4. A process for preparing the piperidine derivative of claim 1 comprising the 
steps of: 

(a) reacting a compound of Formula 4 and a compound of Formula 5 to 
obtain a compound of Formula 6; 

(b) reducing the compound of Formula 6 to obtain a compound of Formula 
7; 

(c) reacting the compound of Formula 7 with RCOOH or R-N=00 to 
obtain a compound of Formula 3: 

<Formula 3> 



o 




<Formula 4> 




<Formula 5> 




<Formula 6> 
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<Formula 7> 
R'— o- 



\ — ^ 



wherein, R' is benzyl (\ — v ) or benzhydryl 




CH 2 v 





); 

X 2 ==><3 / (R) k 

R is (i) linear or branched C r C 6 alkyl, (ii) x s — x s , or (lii) 

NHR 2 ; 

10 Rj is -H, -OH, halogen, -N0 2 , -NH 2 , linear or branched C r C 6 alkyl; 

Xi is C; 

X 2 , X 3 , X 4 , X 5 , and X 6 individually are CH or N; 
k is an integer ranging from 1 to 5; and 

X 2 =X3^(R) k 

R 2 is H or x e — x s 

15 R" is C r C 4 alkyl; and 

X is a halogen element. 



5. The process according to claim 4, comprising the steps represented by the 
following Reaction Scheme 2: 
2 0 <Reaction Scheme 2> 
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R'-O-^/ \ NaHC0 3 CI 

Kl(cat) , MIBK 

R'= Benzyl, Benzhydryl R- Benzyl, Benzhydryl 

( Step 1 ) 

LiAIH 4 Ether 

(Step 2) 



O EDCI, DMAP, RCOOH, CHCI 3 



R'— O- 



"CT R \ / ^^^^^OH 

or R-N=C=0, CHCl 3 

R'= Benzyl, Benzhydryl R*= Benzyl, Benzhydryl 

( Step 3 ) 



6. A pharmaceutical composition for treating Alzheimer's disease, 
comprising an effective amount of the piperidine derivative described in 

5 claim 1 or its pharmaceutical^ acceptable salts. 

7. The pharmaceutical composition according to claim 6 further comprising a 
pharmaceutical^/ acceptable carrier. 

10 8. The pharmaceutical composition according to claim 6, wherein the 

composition is used for an oral administration further comprising: 

(i) a capsule excipient; 

(ii) a tablet excipient; 

(iii) an additive selected from the group consisting of: starch, crystallized 
15 cellulose, hydroxyproplymethyl cellulose, polyethylene glycol, lactose, polyvinyl. 

pyrrolidone, and glyceryl behanate 

(iv) a diluent; 

(v) a wet binder; 

(vi) a lubricant; 

2 0 (vii) a fluidizing agent; or 

(viii) an adhesion inhibitor. 
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9. The pharmaceutical composition according to claim 6, wherein the 
composition is used for an injection further comprising: 

(i) a solvent; 

(ii) a diluent; or 

(iii) an antiseptic. 
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